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kestskct: 



Th.e recertt deve-Lopinent: o±l CO- 2 ^ Txansverse Excitation 
at Atinospliertc Presaurre (TEA) Laraerg has£ generated- expanding 
interest and snccesa due to tiieir; higii.ptulsed. powerr capabili- 
ties and simplxci-tg' a£ canatmictri.Tm ♦ . Wes there fore:- decided c to 
construct a CO 2 TEA laser becanae ocE5 the: need for: a: high r. 
powered, pulsed, coherent radiation source: with wave: length 
near 10 microns to. conduct absorption: studies of. laser^r- 
induced plasmas* It was decided, that; the: constructed: laser ; 
should have an output ener gy per pxil'se:- between 10' to : 50 T 
joules with a pulse time between. 0..1. to. 1*0 microseconds. . 
This paper deals with the construction ot' that laser, and 
includes a discussion of the background and physics of.' 
operation of the CO 2 TEA laser. 
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IL. IMIROmJCTTOU 



Recently a need arose at the NarvaJl Fostgraduate. School. 



wavelength around! LQ- mxcrone^ Fad±a±d.on~. at: thiss wave length', 
can presumahly heat plasmas tec h±gh'. temperaturess ef fectively/ 
and such a device was: needed tO": doo fiirtherr absorption;'. studies 
of laser radiation in. a piasma.. In. view- of the; expanding.; 
interest and success heing- made in: the development'^of iTEA.-. 
lasers at that time,, and thei r' apparent simplicity; of i 
construction,, it was decided -to: construct; as CO 2 ; TEfi.-. laser r 
as a thesis project. 

The term TEA Laser is an acronym for "Transverse 



it implies that one is talking about gas lasers operating at 
or near atmospheric pressure with pumping electrodes situated 
transverse to the axis of the laser cavity, and that all 
these conditions are contrived in order to: achieve high, peak 
output pov/er pulses. This type of laser has some marked 
advantages over solid-state type lasers which make it desir- 
able for use at -the school. CO 2 TEA laser efficiencies are 
typically higher, ranging from about 10 to 20 percent, 
compared to about 0.1 to 1..0 percent for most solid state 
types. As a result, higher output powers can be. attained. 
Furthermore, the wavelength of operation is near 10.6 
microns v/hich is much longer than that for most solid state 




Excitation at Atmospheric Pressure" Laser 




In general 
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Whose wevel^h, generally: «lla.iar.tha., visible 
ffobtioe. ae the eleotoira5netic-sp.ectrnm.-(eig-, f^r ruby 

lb,. 

longer- wavelehatK is. „ore. useful for: heating and diagnostic 
^^xes Of plaseae with: densities ln::the:range of iqIS to 
®I^««m^BBircnble:centieeterr. TBeeplasoa heating 
ooture by nhserptlon: o£ incident. laser:-light„ where the 

plaama. aiasargrtLon. coe±3ficient K ^ ^- 

K,. at -the; frequency ~zJ 

■i-S qi-ven. hy 



EC = 



1^.177 x; lO:' 



(3cT- ) 



Z n-e^ In A 
3?2 - 



i: 






( 1 ) 



where z is, the, atoraio nurnber and In A is the Coulomb 
logarithm [e]„ finally., this laser. is,:less expensive to 
construct than a comparable solid state laser because the 
active medium consists of a gas rather than an expensive 
crystal with high optic qualities. 

It was decided, therefore, that the laser should be a 
pulsed COi TZ. type emitting coherent, polarised radiation 
at 10.6 microns. Ihe laser would be designed to achieve the 
following output characteristics: 



OUTPUT ENERGY PER PULSE: 10-50 joules 

PULSE TIME: 0.1 - i.o microseconds 

PEAK OUTPUT POWER: at leac; 4 - m 

du least 10 megawatts 

maximum input VOLTAGE: 60 kilovolts 

desired laser EFFICIENCY: 5-10 percent 
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lOL. <ia22 TES;. LASER* BACKGROUMJ: 



A. QLD. METHOD OF OPERATION' 

OixtxL rHcently maTecruIa r' gas- lasers such.'.asr CO 2 had 
not been able to> genenaire . jjeak powers; beeauseiof .'their 

low denai-tY’ ci£ atcrtive; moTerruL'es: compared^ toe solid is tate 
materials. Thes old madeli for: obtaining laserr action. . 
consisted of placing; the gae in. a- cylindricallorrrectangular 
container inside af: an; opticab. cavity. Thenr.th'e;C02 ;iriolecules 
were esrrited to their' upper vibrational levels ;by; injec ting 
energy through, electricab discharge from electrodes -located 
at each end of the container.. For optimum continuous baser 
output, very low pressures (on. the order of-l.torr) had to 
be maintained. In order to get reasonably high peak power 
pulses from this arrangement, Q-switching devices had to be 
employed. These devices were necessary for at least two 
reasons. First, the density of active molecules is about 
three orders of magnitude less than that for. typical . solid 
state lasers. Second, the photon energy per transition is 
from 10-20 times less due. to: the longer wavelengths involved. 
The coupling of these two factors means that at low pressures 
CO 2 cannot even approach the pulsed power capability of a 
comparable solid state laser. 

In order to obtain high peak powers from CO 2 it becomes 
necessary to increase the gas molecule densities so that 
more laser transitions per unit time v;ill be possible. This 
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nrEanK gcs±rrcg tco liijgKeir jxrEssures; andd larger rdischarge volumes. 
Hxg& gTHsauree Gpexa-trLorr, . which-, will lb ee defined as at or near 
a.trttaspher.tc: gxessnre:^, cxeated additional Iproblems however. 

As pressures: rise, larger, voltages, are : needed to achieve 
hrealcdCEwn.., For exainplje:, at a pressurecof lone torr a CO 2 
lisser wx-t3i: aar. elLerrtrodee gap of. oneemeter rwould require a 
breailtdown: vodltage: ocrr. thei order_'ofi 1131kilovolts; if that 
same laser' were operated' at atmospheric ^pressure, it would 
require, a breakdown vodJtage on the: order :of .10^ kilovolts, 
or one m TTrin n- vnrVt.q-!. rfl these high.'. voltages could be 
attained',, the resubt: world likely_ beran;. arc -discharge result- 
ing from high pressure: ionization . ins tabilities rather than 
the uniform volume discharge that is desired. 

A. uniform voburae. discharge is.- essential for high laser 
efficiency. The CO 2 molecules, which are evenly distributed 
throughout the cavity volume, are collisionally excited to 
their upper laser levels by inelastic collisions with 
electrons being accelerated from the cathode to the anode. 
Therefore, in order to get the maximum number of molecules 
excited it is necessary to achieve a uniform volume discharge 
of electrons in. the laser cavity. Anything less than that 
produces inefficient collisional energy transfer and 
therefore reduced laser efficiency. Hence, the old model 
of a cylinder with electrodes at each end becomes impractical 
at high pressure because the voltages needed for discharge 
are too high, and any result would be an arc rather than a 
uniform volume discharge. 
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TRfiNEEVERSIE ESCCHATION METHOD: 



ISCiD ccvexcconeE tiie: problemsr of _-high’'pressure operation the 
eLecrtr-ode geoinetxy_ must be modified _to 'achieve "transverse" 
ra-ther. than. " Iboig-^udinal" excitation... Transverse excitation 
((TE).i enpJjcr^s: 3E. shox-t discharge; length. but a large area to 
ac3xisv.ee a. laxg^ee discharge volume; . Theonethod is better for 
ffisveerall rearsonss.. Hirst, thee high* voltages needed to attain 
high, presgurg brea3cdown are , appliede'over .relatively short 
dishanceg.. This; means low workable e voltages can be used to 
cSj.tain'. large discharge volumes.- at-ehigh. pressures. For 
example,, the- electrode gap is* expected to be from two to six 
(rentimeters.. This' gap willlrequire raidischarge voltage of 
from 20 to 60 kilovolts at atmospheric pressure, which is 
small compared' to 10^ kilovolts.. Therefore, with a uniform 
discharge the result is greater laser energy produced by 
smaller voltages. 

Another TE advantage leading to higher efficiency comes 
from the low discharge impedance inherent in a short elec- 
trode gap. Low impedance allows a very rapid injection of 
the excitation energy. (Injection times on the order of 
10 tc IQ seconds are expected.) The importance of rapid 
energy injection is due to the time scales for laser action. 
To achieve high laser efficiency the excitation pulse width 
must be small compared to the collisional lifetime of CO 2 in 
its upper laser level. This is so that each molecule will 
spend most of its time in the upper state maintaining the 
population inversion until conditions are favorable for 
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nagdid: degagu 3 a-tii mr. . The^ irDieealeemust zspend minimal time in 
tfliE: liawerr leveiss and: in the:process sof ilaeing excited to the 
upper: lervell.. S3 ±[cb: the CO 2 ' upperr level ' collis ional lifetime 
atone atmosphere: is near 10“^- seconds , the transverse 
exci-tatian: time: Is: significantly, less. . Therefore, transverse 
exci:tat±caT. rg wel T . suited for:' rapid: energy injection which 
eaihances: laser' e±Elclency . . 

The: rapid: discharge nature: also 'eliminates the need for 
(2>-switchin^ devices: to achieve giant power pulses. Natural 
giant pulses a-utomatic ally occur: from rapid energy injection 
means at a_ phenomenon called: "gain; switching. " To realize 
how: gain switching: occurs , consider: the sequence of diagrams 
illustrated in. figure 1. Graphs (a) and (b) depict the 
input voltage: and current pulses, formed as a high voltage 
capacitor bank is suddenly discharged across a low impedance 
transverse excitation electrode gap. The voltage and current 
pulses are similar in form, and both are less than a micro- 
second wide. The current pulse lags the voltage by a small 
but finite breakdown time (due to the time it takes for 
electrons to form) in the gap. The gain (c) builds up 
during the excitation pulse and reaches its maximum near the 
end of it. The gain has reached its maximum in a time less 
than the mean lifetime of the molecules existing in their 
excited state CtTcoll~ 10”^ sec). This means nearly all 
available molecules have been kicked up to their upper 
level before many have had a chance to depopulate. This 
situation produces a nearly ideal population inversion. A 
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Figure 1. 



giamt. laTsen' pulse willl follow as all the excited molecules 
raEpidly - cascade downward- to rtheir lower level, emitting 
intense laser radiation over a short time. Previously, 
Q-switching devices had to be employed to attain high power 
pulses (increased by a factor of roughly 10^) . With TE 
methods, however, these giant power pulses become an automa- 
tic result by means of the gain switching phenomenon. 

A, final, big advantage of transverse excitation is that 
it facilitates the use of double-discharge preionization 
techniques to attain uniform volume discharges. With all 
the advantages mentioned, transverse excitation will not 
yield the uniform volume discharge needed for high efficiency. 
Therefore some means must be used to spread the discharge 
uniformly. Preionization by double discharge utilizes a 
series of insulated "trigger" electrodes, in close proximity 
to the cathode, whose potential is essentially that of the 
anode. I'Then a high voltage pulse is applied to the anode, 
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it fjrH.1t fnditriHtess aa Ibw energy cath'odeefco^ferigger discharge 
ffu^fjficrt.en.t: tax creates aa uniform sheetzoff electrons around the 
(cathode.. SXfasequentily , when the: voltage .pulse reaches higher 
vaXuea,, the main, cathode to anode, discharge . takes place. 

The preioir±zat±cm. effect: spreads* uniformly this ensuing 
digcharge sex that: aa uniform volume: discharge .results . The 
tarigger: elecfrodess apparently do. note increase the total 
ttuniier of dia<charge electrons , but. serve ; rather effectively 
t(X spread them into: a uniform volume:^ discharge. This 
technique minimizes' the effects of. electrode irregularities 
along with, the tendency to generate: concentrated arcing. 

Writh. proper application of these preionization techniques, 
laser efficiencies can be enhanced from' around 3 percent to 
the 10-20 percent range. 

In summary, the output of the CO 2 laser is immensely 
increased by operating at high pressure (atmospheric) with 
transverse excitation methods. Such operation, referred to 
as "Transverse Excitation at Atmospheric Pressure," or the 
TEA mode, has the aforementioned advantages: 

1. Greater molecule density and therefore greater 
available energy density. 

2. Greater active volume due to large electrode 
surface areas. 

3. Relatively low working voltages required to 
generate large fields due to short . discharge gap. 

4.. Higher laser efficiencies due to: 
a. Rapid energy injection 
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Bd.. EtE^-dJonization techniques s 

Giant jiulsess without Orswitching^due to gain 



S.. 

switching.. 
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Tnnr .. EHZSXCff cur thet CO2 tea laser- 



A. YIBRATIONAL MODES 

In order" tn \mders"tan(i t±ie physics of. CO2;. laser, action, 
one must loolc fxrs"t a"t the CQ2: molecule itself:; (Figure 2 ) . 
The CO2 molecule is a:, linear:,, symmetric, triatomlcc molecule 
with three degrees of; vrbrartianal freedom.. Associated with 
these degrees of freedom are three separate; vibrational 
modes. In "the firs-t: mode,, called: the " symmetric^ stretch, " 
the two: oxygen atoms vibrate along the internuclearraxis in 
a symmetric fashion (MODE 1 ) .. Eor future ref erence . this 
mode will be designated as (X^j-, 0 , 0 ). In the: second 
vibrational mode, or "bending mode," designated (0,1^2' ' 

the two oxygen atoms oscillate perpendicular to the inter- 
nuclear axis as shown (MODE 2 ) . In the final mode or 
"asymmetric stretch," designated (0, 0,1/3), all three atoms 
oscillate in an asymmetric fashion along the internuclear 
axis (MODE 3 ) 1 ^ 16 ^ • To a first approximation, these three 

modes can be considered as independent of each other. 
Therefore, the total vibra"tional. state of the CO2 molecule 
at any time is essentially a linear combination of the three 
modes, since it can vibrate in all three modes at once. The 
total state is described by the three vibrational, quantum 
numbers (vj^, V2 , v^) , and the vibrational mechanical energy 
is given by the harmonic oscillator energy equation. This 
could be v/ritten as: 
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ttafcgl 



(2) 



33 

= (^^2+^);hfo + (v3+i2)hfo 

mil n 11 2. 3 



wiiexe fa is; the: natural frequency of 'oscillation in the 
n'. 

mads.. 



(o) m (o) 



mobe: 11 

MODE' Z 
MODE' 3? 




Figure : 21 



(Vl 0 O) 

(o -z /2 o) 

(O O V 3 ) 



The energy level diagram for_the low lying vibrational 
states of CO 2 is shown in figure 3. Rotational levels for 
each vibrational state are not shown in order to keep the 
diagram simple. By nature, vibrational levels are nearly 
evenly spaced.. Each mode forms an almost equally spaced 
ladder of' energy levels. The energy spacing between the 
levels is approximately 0.17 electron volts; between the 2 
levels it is approximately 0.08 electron volts, and for the 
-^3 levels the energy gap corresponds to about 0.29 
electron volts. (Rotational levels are much more closely 
and unevenly spaced with energy gaps of 0.001 electron volts 
and less.) 

The CO 2 (001) level is the desirable upper laser level. 
The (100) and (020) levels form the lower laser levels. 
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TflTifg excdil 2 Eidznr. groEES^s involves:^ eleGtron^r^lolecule inelastic 
gcgUIinxcm^ tiiact: exc±te; tbie: CO 2 : inolecnlecultiniately to the 
((QQXy level-.. Eroin' here;- the molecule: undergoes the (001) -(100) 
downward. trans±tion, emitting infrared; radiation near 10.6 
nrt crons.. Thee octher. pjossible transition' from (001) to (020) 
emits radiafian; near:' 9 ^ 6 . microns', but -due ; to ; a larger 
enrEss-ion'. Erobabi.rityj . the: (001) -^100) transitions at 10.6 
nrierons are' about, terr. times strongerr than: those at 9.6 
irricrons.. Therefore:> oniy the 10'. 6: micron:. transition will be 
ccaisidered.. After' the; laser transition, at ;10. 6 microns, the 
gQ^ molecule then. undergoes radiative rand; collision-induced 
transitions to the (OID) level, and' then: to ground level. 

At this point it is a.vailable for excitation again to the 
upper level.. 




The quantum efficiency is defined as the laser photon 
energy divided by the upper-laser-level excitation energy. 
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Etarr C 33 u^,, iit rs neaxiy. 4 L perceniz. THissfigure is very high 
C0inpaire;d‘. tcc inorsiz; scri'id state andiatomiczgas lasers whose 
q;Uantiiin &£~£lcd.encd-es- normally falll in . the, range of 1 to 10 
pexcent;.. This: high quantum efficiency_ makes it possible to 
attain: high lasen' efficiencies provided that the input energy 
ia efTicrxently transferred to: thecdesired upper level rather 
than: dfxatributedi toe extr aneous 3 levels z . Such a process of 
" salexztxve exc±tation" is possible- in:. the CO2 laser. It is 
th±ffi selective; excitation coupledcwith. the high quantum 
gftxciency that enables one. to: attain. .laser efficiencies as 
high- aa 10 toe ZDl percent. 

B> SELECTIVE EXCITATION PROCESS 

Selective excitation is a collision-dominated process. 

In. the CO2 TEA laser, energy injection is by means of an 
electric discharge that creates a (uniform) flux of electrons 
whose average energy is near one electron volt. A large 
nuihber of inelastic collisions take place between the 
accelerated, electrons and the existing CO2 molecules, causing 
the molecules to be excited to various vibrational levels. 

A.t one electron volt, the electrons preferentially excite 
CO2 to the (O 07/3) levels, i.e., to the nearly equally 
spaced levels of the mode 3 energy ladder. Selective 
excitation becomes possible because the (O O 'iJ^) levels are 
almost equally spaced. Collisions between 002(007^3) 
molecules with those at ground level result in an efficient 
transfer of vibrational energy from excited molecules to 
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ungx<riitgd: 



/ y 



CC[^((I(rZi^3-) -»-rCCX 2 d[ 0 DO)— kC 02(0 01^3- t)L + C 02 ( 001 ) 



( 3 ) 



Similar pxacsBsesE follow that bring the . ;( 00 V3) molecules 
down, the ladder.' to: the: (001) level..while : simultaneously 
feidk±ng: graxirnl shatee molecules into: the: (001). level by 
crrllliiisdbnar- translerr off energy . . Thia 'mechanism is resonant 
im the senae that: there: is an ef f icientoredistribution of 
the excited; raolecTjre: energy to: the: (00 Ij- level with very 
little lose: oi: the. total internal energy of . the system. The 
etticiency^ ocf:' redistributing the ;C02 (00 V3) molecule energy 
into: the upper laaerr level is high... This : fact implies that 
the excitation. mechanism is considerably effective. 

Nevertheless, electron impact excitation in pure CO2 gas 
cannot by itself attain the needed selective excitation for 
high efficiencies; normally there are a good number of 
molecules excited to upper levels other than in the (00 V3) 
mode. These molecules produce wasted energy that reduces 
laser efficiency. Another form of selective excitation is 
needed to complement the process previously mentioned. This 
ia done by adding nitrogen gas to the carbon dioxide. The 
usefulness of N2 can be seen from its energy level diagram 
for the low lying vibrational levels of its electronic 
ground state (Figure 4 ) . Since N2 is a diatomic molecule, 
it has only one degree of vibrational freedom (along the 

internuclear axis) . Therefore, only one quantum number (v) 
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±SE rreEdedi tcx> describe - completely., the. :vitarational state of 
thsp laodL'errul'e:; . lit turns out -that ztlie.:energy levels of N2 
oxihcide' a=linosir exac t ly with, those .of ; the (00V3) mode of 
COl2^. Therefbrei efficient col lis-ional .energy transfer is 
pEtas3ibie-.. As; with . CO2 ; the . N2 'molecules become collisionally 
esccdLited; toe theirr upper, vibrational llevels by electron impact. 




Since the excitation energy of N2(v=l) nearly equals that of 
CO2(001), an efficient transfer of vibrational energy to CO2 
i& possible as. follows: 

N2(v=1) + CO2 ( 000 )— ^N2 (v= 0 ) + CO2(001) ( 4 ) 

In. ai more, general, sense, the .reaction would be of the form: 

N2(v=v') + CO2 ( 000 )— «».N2(v=v' - 1 ) + C 02 ( 001 ). ( 5 ) 

This quantum transfer of energy can be recycled again and 
again so that: all. N2 vibrational . levels contribute to the 

redistribution of vibrational .energy . Because of the 
resonant nature of the process, the selective excitation of 
CO2 to the (001) level becomes even more dominant. 
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Sa fijurtlier: reaojisait: nreniiarLism existssb'ecaase of the close 



<DO)iric:xdeirce cff: N' 2 c andi CDC2'(00 't>' 3) energyy levels.' . In collisions 
iXLVoXving U 2 (v=v.^^) aoidJ CD2,_(000) , ef f icient :vibrational energy 
transfer: can. take place: in. the following fashion: 

H: 2 .((v=v-') H- CH 2 ^(OODO— ^N 2 (v=0) +- CO 2 j[00 ;y 3 =v"' ) . (6) 

Once th±e totial. energy_- exchange takes. =piace :: the. excited CO 2 
nrclecules: can. then: redis±ribute their:' energy yto the (001) 
level by the resonant, process previously^ described in 
Etjuation ('3) .. The finall result of alll three : selective .excita- 
tion modes is an: efficient: redistribution of: the total 

I 

molecule vibra-tional energy into the desired . upper laser 
level (001) . 

C. SELECTIVE DE-EXCITATION PROCESS 

Once the CO 2 molecule is selectively excited to the (001) 
level, it can emit a laser photon at 10.6 microns as it 
de -excites to the (100) level. From this point it must 
return (rapidly) to ground state before it. can be used again 
for producing a laser photon. The molecules at the (100) 
level are de-excited essentially by collisions with other 
molecules. Here again the possibility of resonant vibrational 
energy transfer plays an important role that allows a "selec- 
tive de -excitation" process to occur. From the CO 2 energy 
level diagram one can see that the lower laser level (100) 
has nearly twice the energy required to excite CO 2 to the 
(010) level. Therefore, if a CO 2 (100) molecule collides 
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w.xiife ffi. G33^((IC[0[)! nrodjBExulje:^ the. vibrationallenergy can be 
e£B;c±en1ilY r edi^f^briliubedi be tween~~. the s two :by • exciting both 
to the (0ia) le-veTy 

cd: 22(1DD0 -t-co2(ooo)— >^2 :co2(oio): (7) 

Efine agarlTT. a: reHonantr-like: processrexist£.-inrthe sense that 
t&ene rs? an', efffltriextb- transfer of- vibrationai lenergy by 
caHIixs reals' see tha-t: raos.tn: CD 2 molecules £ tend itarredis tribute 
tO) idle (010)' level'. . 

Hv. HDNRESONANT-' DE-EXCITATION 

The de-exclrta-tron-. process is not ^complete, however, until 
the CO 2 molecule ends' up in its ground state. The 
de-excitation of CO 2 from (010) to (000) is also dominated 
by collisions ^ but now they are "nonresonant" ones because 
the energy of CO 2 (010) is converted to kinetic energy of the 
backgromd molecules, or heat energy of the container walls. 
Because of the nonresonant nature of this phase, the transfer 
of 002 ( 010 ) to ground level can be slow and cause a bottle- 
neck in the overall laser cycle. The result may be reduced 
efficiency and less energy out. To avoid this bottleneck 
one must somehow increase the non-resonant collision rate. 
This rate depends on the nature of the background particles. 
CO 2 molecules, for example, have about 100 de-exciting 
collisions per torr per second, while helium atoms have on 
the order of 4000 collisions per torr per second [ 17 ] • 

Therefore, one can reduce the bottleneck and increase laser 
efficiency by adding a gas like helium to the CO 2 mixture. 
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Irn summary-,, lay.- adSirtgr M 22 Hg gas? , theeCO^ laser 
e£ fx c±gncY cair. bis:- incxeaased: by meansr of ::Ztwocef facts ; 

((L)' An: increased: selective excitation, rate of 
CO 2 to: the (O-OIL), level! resulting from increased N 2 - CO 2 
(palliaion: rates.. 

((Z); An-, increased: (nonresonant): de-e-excitation rate 
Q)f (DCT^CvCflQ)' tcD ^ound: s±a±ee resulting.; from:, increased Hg - 
CQ 2 collision rates:.. 

Typical CO 2 :: mixture ratios run :in:.the : vicinity of 

1 s H :: 12. ((fldwing-J and. Have produced! laserrefficiencies up 
tQ' 2d percent... 

E. eOMEETITXON EFFECTS' 

To this point, no mention has been made of the various 
rotational levels that produce the many possible P and R 
branch transitions. One might think that the energy output 
would occur at many frequencies corresponding to these 
discrete P and R branch transitions. It turns out that 
this is not the case., in spite of the fact that the (001) - 
(100) vibrational transition contains many possible P and 
R branch transitions, the output can be essentially mono- 
chromatic at 10.5915 microns. This specific wavelength 
corresponds to a single P branch transition, namely P(20). 
The unique nature of the output radiation can be explained 
in terms of "competition effects" between the various P and 
R branch transitions. 

During laser action, the CO 2 molecules are essentially 
at room temperature and have a mean kinetic energy of about 
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,(I2Zd 



r. vodts-. . Sinceeenecgyyspacings between 



uibrariribnall Ijevelisr are inr.theurang.e cof -0. 1 to 1.0 electron 
vnlts,, whi'Tea rotational energy yspacings are no larger than 
Q..CfQl- electron volts , it is .generally true that 



^ molecule ^ "^^^Rot '^* ■ ^ result the CO 2 



mcrlecrulg cair. j un^y around easily_- from rone rotational level to 
ths£ next;- itcdbesiso at. aihigh' .frequency , called the therraali- 
zat±arr. ra:tew. The? rotational Itherrnalizat ion rate at room 
tHmpercature: is3 approximately^ IQ? hops per second. Since the 
time; beitween.'. hops: is roughly 10”^' seconds, these levels 
rspidl'y become? thermalized?in”.acBOltzmann distribution among 
the varriorus- rjotational levels -of Jargiven vibrational level. 

On. the; ather. hand the vibrational thermalization rate is 
relatively small, at 10^ hops per second. This rate is 
associated with a mean vibrational lifetime of 10“^ seconds, 
which is very long in terms of the scale on which laser 
events take place. Laser action takes place in 10“^ seconds 
or less. Therefore, the molecules will remain in their 
selectively excited vibrational level (001) but will become 
thermalized in their rotational levels about some peak level 
(Eiqure 5) .. This peak level, is^the J = 19 rotational level 



Relative 

Population 

Density 
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<x£ tfli^ (CCDGL)) vibrational levell. The ^;doin inant transition 
o:cnair?r betweeir. (QOl) J =- 19r andi(IQO) J = 20 and is 
labeled: the: P[(20) transition . (Pigiare 6). 

Because:^ the: rotational, levels become rapidly thermalized 
iirtDD a. Bodtzmaim: distribution^. . any change in the population 
dene-tty o£: one: level, changes? the ‘population density of all 
ot lie rr revel's- in. a:, fashion that cwill 1 tend to maintain the 
crrrj.^ihaJl Bccttzmann distribution... The .transition with the 
highest: gain, p;(20) , will beginr.oscillating first. When this 
cccrrursr the- rate: at: which molecules . are drained from the 
JJ = I9[ tevell increases due. toe the : resulting stimulated 
eratssions; on. the: P(20) transition.. The requirement to 

maintain the. Boltzmann distribution, however, will cause a 
transfer- ot molecules from other : rotational levels to the 
= 19. Therefore, the population density of all other rota- 
tional levels decreases even through laser oscillation on 
P(20) drains molecules from the J = 19 level. A strong 
competition among possible laser transitions can exist from 
this situation, and usually one P branch transition 
dominates. In this case the dominant transition is P(20) at 
Iff,.5^9.15: microns.. 

As a matter of interest, oscillation in less dominant P 
and R branch transitions can be produced if there exists 
enough gain for that transition, and if stronger transitions 
are prevented from oscillating. This can be done by means 
of" a wave length selecting mechanism such as a grating or 
prism. Because of the strong competition effects, one can 
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a&fca±n~. rooag;hly/ tliee saine3 amount of f output ^power on any 
ggllecrtgidi transi±lDn:3 usangr wave lengthr.s elec ting methods. 




Figure . 



» 
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IV. . CONSTRUCTION 



fl,. MECHAMICAi; 

The: aver a IT. laser system~consists -of a rectangular 
crmtainerr f i I'led'. wi.th a mixture :of fcarbon dioxide, nitrogen, 
331(1 herliunr gases^ , and with large -i area H.electrodes located 
trangverse^ toe thei long itudinall axis -o£ I'the container for 
gj]gcrtrrca:ll pttmptlng;; . Brews terrwinddws jar e at each end, and 
outside; o±T thesfic are- end mirrors r that .form the optical 
resonator-'.. The? laser electrodes ■ are .connected to a 60 
kxLovoXt; Marx: Banh. impulse generator iwhich supplies the 
input: energy.. 

The; laser: box : (Figure 9) is 40 inches long, 12 inches 
wide, 6l inches high, and was made of 1 inch thick acrylic 
lucite walls and a 1 inch thick aluminum bottom plate. The 
walls were fastened by 1^ inch screws, and so no attempt was 
made to make the chamber vacuum tight. Rectangular laser 
portals (5 x 1-3/4 inch) were cut at each end, and lucite 
sidewalls were: attached to form Brewster window mounts at 
the Brewster angle of 56° 19' with respect to the end wall 
(Figure 12) . The Brewster windows consist of 2 polished 
NaCl crystals (5% x 5^ x 3/8 inch) attached to the Brewster 
window mounts with silicon glue. The box itself rests on an 
optical bench 160 centimeters in length which is securely 
attached to a rigid table. 

Inside the laser box is located the electrode assembly 
(Figure 10), consisting of an anode, a cathode, and trigger 
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... TRee anode, consists i of rac.%--. inch copper plate 



3E8: inches Ibn^ and:: 5 inches: wide: . The icorners were rounded 
and alX. eiiges: were: smoothed to 'minimize arcing effects. It 
was braced. hy_ two: 37 inch lengths:of .1 .inch thick lucite. 

The lucite braces: run nearly, the :- length of the laser and 
were fastened: securely to the_ topcof ithe laser box. Four 
geartibng of: threaded copper, rods 5 (1 -inch O.D., 3-3/8 inch 
Ieng:th)' were used.', for electricallinput .to the anode. These 
sections were soldered to the ^ top- side of the anode; they 
alscc function, ass bolts through .the top of the box to secure 
the anode to itc. The combination; of :bolts and lucite braces 
insrused; that, the anode was rigidly; fixed to the top of the 
box: and acciorately aligned. 

The cathode consists of a copper plate that is ih inches 
thick, 36 inches long, 4 inches wide, and contains 115 
triangular ridges and grooves running transverse to the 
length, across the 4 inch width (Figure 11) . The grooves 
were cut 3/8 inch into the plate and are separated by 5/16 
inch.. The apex of each ridge forms a 45° angle; all corners 
were rounded to minimize arcing effects. The cathode 
str\ictura was baited to the 1 inch thick aluminum base plate 
which is 48 inches long and 12 inches wide. The base plate 
was, in turn, secured to the optical bench so that the bench 
would be at groimd potential along with the cathode and base 
plate. The cathode was secured to the base plate by six 
threaded copper rods (1 inch O.D.) soldered to the bottom of 
the cathode. These rods are 2^2 inches long and serve both 



26 



asc Jtollts tiOD tlie? aiiuninum baseepiateeaadias the electrical 
ffifijl cannerrtocr^ between, thee. cathode ;and .ground potential for 
the: iiripnJLse: generator . 

The: tri^g^^en- electrodes consist .of _'l 15 pyrex capillary 
tubes .(7/321 inch. 0..D. , 7 inch.- length)., each containing a 
$ iheh: niidirioines trigger wire; (.Ollinch. O.D. ) within. The 
wires weare: sealed:; in the glass; at ethee far end, and had two 
SO, degres bends; at; the ejqjosed; end; to; facilitate connection 
t£!D an. electr ieal . terminal located .'near ; the wall of the laser 
bsax'. (ifTigure 10/.. Each capillary ttibe ;with trigger wire was 
set jLn: ons aff the; 115 cathode: grooves ;-and spot glued in 
place so: that: each. wire rested at :nearly the same level as 
the top. edge ot' the copper ridge. . The nichrome wires were 
soldered to a copper terminal (^5 x; % .x: 36 inches) running 
the length of the cathode at a distance of 2^ inches from 
its nearest edge. The copper terminal was connected to the 
anode through a capacitor. 

The electrode assembly was constructed so that the gap 
between anode and cathode could be varied from a minimum of 
2 centimeters to any maximum value desired. The trigger 
electrodes: remain fixed, however. increasing the electrode 
gap consists of removing the Incite box and attached anode 
from the aluminum base plate, and placing a Incite gashet of 
the desired thickness on the base plate. The laser box and 
anode are then remounted to the base plate and gasket at a 

new height dictated by the thickness of the Incite gasket. 

It is anticipated that electrode gaps between 2 and 6 
centimeters v;ill be used. 
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•pbe cariH3ir dxaxidg,, n i t irogeir, , and- helivmrrwilllcainee 
pre-nrxxe<i in: a a.inglec aioppiy • tank; . The mixture c ratio :will 
he 15iLQ:7S itintialXy.. This: pm:-mixed method: is £merely an 
expedient, however:,, to. obtain, successful laseriaction as 
early as passible.. Onco this; is.: achieved, the : gas : hookups 
vill be modi tied to acooramoda.te:- separate tanks s of reach .'.type 
of gas. Then, gas: mixture: ratios: and;' flow rates£can;be :var ied 
to test the laser; action: as^ a: function of thes e: parameters . 
Also- new- gases can.be introduced: in . combination-.with carbon 
droxide to test therr' effecta' on. laser action.. These . 
procedures will call, far' some: additional valves:and 'gas .flow 
meters -to regulate the mixture ratios. Also argas 'mixing 
tank will be used prior to; introducing the gases into the 
laser cavity. Additional gas' inlet and outlet .holes will 
have to be made in the laser box to attain a desirable flow 
pattern transverse to the laser axis and the discharge path. 

B. ELECTRICAL 

The input energy will be by an electrical discharge 
across the electrodes, produced by a high voltage short 
duration pulse. The discharge voltage required to attain 
the desired breakdown at atmospheric pressure will be 
between roughly 20 and 60 kilovolts for electrode spacings 
of 2 to 6 centimeters, respectively. The input pulse dura- 
tion will be on the order of a microsecond. A three stage 
marx bank impulse generator fed by a 20 kilovolt, 15 milli- 
amp DC power supply will constitute the electrical pov-zer 
source (Figure 13) . 
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Si niarx: t^,ee gEixerator. is.' anr.excellent Tinethod of attaining 
taiee high'. vocLtage; , siiort pulsedcenergy, injection required to 
apLeraiie; ac dooibljecr-discharge TEA.' laser. . A. simple schematic 
for.' cL marx; genera±or. is shown . inr'.Figure _7 . . The marx system 
aghxe^/Es: impulse: vol-tage multiplication by charging capaci- 
tor: stages: iir. p_axa.llel and discharging-: them in series. The 
ccapacdLtox.' stages' are. connected." inr'.series :by switching spark 
g^rs.. One: o±.- tiie: switches is.: in.-.the:fdrra'of a triggering 
s^arJt. gap with, external ignition:.means .. . If is the 

required capacttance: of the totallnetvrark storage capacitor 
when: discharged:'; , then each capacitor rdischarged in series (c) 
must have a: value nCj^, where n:. is - the number of stages. 

In. Figure T, n— 3' and so each of the 3 . capacitors must have 
a value of 0=30^. The isolating elements (R) prevent the 
capacitors from being short circuited through the gaps during 
the pulse, and so they must have a sufficient value to do so. 

The main advantage of the marx system is that voltage 
multiplication. is achieved. The marx circuit gives higher 
output voltage than a comparable parallel bank arrangement 
with the same stored energy by rearranging the bank into n 
eq[u±valent. circuits . Ideally, the voltage out will be 
giving an n-fold voltage multiplication. In practice, how- 
ever, it- is expected that roughly 10 percent of the voltage 
will be lost, due to currents flowing through the isolating 
elements. Because of the voltage multiplication the direct 
current source required is relatively small, and also less 
insulation is required in the circuit compared to the 
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gigjuilvaJ-eni::: ECR. cdjccxi±t. A further r advantage is that it 
(FTiiininnteLg. the need: for. a transformer / which makes it good 
for.' experimental- purposes . The: main: disadvantage is that it 
nequxres- larger: individual capacitors since each must have a 
v.cEl'ue G: — nCp; where Cjj is; the: desired capacitance of the 
netwctrk; storage: hank under discharge / . 







The particular mar X generator used (Tachisto, Inc., 

Model MC-3, No. 14) is a three stage device designed for a 
maxim\im charging voltage of 20 kilovolts and a maximum output 
voltage of 60 kilovolts. A safe pulse rate is 5 pulses per 
second, although pulse rates up to 12 pulses per second can 
be tolerated for short periods of time. The capacitance per 
stage is 0.5 microfarads (with a possibility of going to 0.75 
microfarads per stage) producing an overall network capaci- 
tance of = 0.167 microfarads during discharge. The 

isolating elements are 333 ohm resistors. 
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&. (draxgTiig-- iragedancE:- (Kc^) inus t ;bac-piaeediinrseries with 
tiLe 2Q> lixJIavaOr DCT cdiargtog'- line, tor limit. thescurrent drawn 
from thiff power.' supply,;. A', power res is tor:' is: the simplest 
sucH charging- eleinen't;, provided it is: satisfactory from the 
standpain.t of power.' d±ss.ipat ion, current^and voltage rating 
®£ -the power' supply', andl desired repetition^ rate. The main 
disadvan.'tage: a£' such: resistive charging: is : that '.the maximum 
efficiency is 5H percent:.. Resistive, charging should prove 
sa-tisfactary at least: initially, however:, since low repeti- 
•fcian: ra'tes will, he usedl . 

The choice of the: charging resistance-r value .is determined 
by -two- conflicting factors , pulse repetition rate and maxi- 
mum allowable cxirrent drain from the power supply. As 
previously mentioned, the capacitors are charged in parallel 
and discharged in series, and the capacitance per stage must 
be nC]^. Therefore, during the parallel charging, a unit 
with n stages represents an equivalent capacitance to the 
power supply of C^q = n(nCi^) = n Cj^, and the time constant 
for charging through a resistor is TT = Rq Cgq . It is 

desirable to have an interpulse period of at least 3TT so 
that the capacitors can become charged. to 95 percent of 

. Therefore for f pulses per second, the repetition 
rate criterion is that 



At the moment after firing, the marx generator looks like 
a short circuit to the power supply, so that the instantane- 
ous current drawn will be 



R, 



c 




( 8 ) 
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( 9 ) 




tiils: current; is. limited ' to; the : value imax power 

suppl'Y/ then", the maximum allowahle "current criterion is that 
^ ^ -^ax" whirdi. places a: lower limit .on Rc such that 



ScdjaiarllY' thin; limit, can be: exceeded . somewhat due to the power 
snppllY ecu tpnt- capacitance < charging ; lead inductance, and the 
non>-zero' response time of. system circuit breakers. 

iSasuming^ that- both equations: (8) and (10) hold, the 
necessary power' supply current if dr. the desired repetition 
rate, f : is 



For the 15 railTiamp, 20 kilovolt power supply on hand and the 
1.5 microfarad charging capacitance, the repetition rate 
should be no greater than one pulse per six seconds. To 
increase to 10 pulses per second will require increasing the 
charging current by a factor of 60. 

C. MIRRORS 

The optical resonator consists of two mirrors, one placed 
at each end of the laser box outside each Brewster window. 

The back-end mirror must be totally reflecting while the 
front-end or output mirror must be partially transmitting to 
let a certain. fraction of the laser energy out. Past CO 2 
TEA laser studies indicated that effective laser action 
could be realized by using output rairrors with a transmission 
coefficient in the range of .15 to .20. 



^1^2 Vin/^max; • 



( 10 ) 



i, 



max ~ ^^in *“eq f 



( 11 ) 



32 



TThmrr y ar;eB ta?CD pDssitile- methods; forr achieving output 
coupling: of enex gy • withr. partial, transmitting output mirrors. 
The first is: to, use: a:, solid-back mirror;:whose transmission 
coefficient, is sufficient- to achieve: optimum output without 
and.uLy damping; lasex.' oscillation in . the; cavity . This method 
was ruled out initially, due to the: high-'.cos t of such mirrors. 
The second merthod uses; small holes: p;lacediin a totally 
reflecting mirror' ter achieve output: coupling. . This approach 
was chosen, initially because it is . less; expensive and can be 
equally effective provided the gain" is; high 'and the hole 
siz.e is: small campaired' to. the mode spot; size. . For example, 
if a particular mode has* one of its maxima^ fall on a mirror 
hole, that mode will suffer increased loss; if hole size 
>0.2 X spot size^ losses due to the hole will probably be 
sufficient to produce a round trip gain for that mode less 
than one [isj. In this case the mode will no longer 
oscillate. Therefore, the hole size as well as hole pattern 
becomes an important consideration when employing this type 
of output coupling. 

The mirror design was based on the requirement for a 
stable resonator to keep the energy loss per round trip 
small. Also a system insensitive to misalignment was desired 
to minimize losses from slight errors in mirror alignment. 

The stability criterion is that: 

Ol^ 9192 ^ ^ (stable resonators) 

where 9 = 1 ~ L/R, L is the resonator length and R is 
the mirror radius of curvature. Tnis criterion can be 
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rtegiiasi&ntadi by,, ttie; stability, diagram (Figure 8 ), where any 
cqgt Li carr. resonator:' can be .. depicted cby . a point in the 93.92 
prlanB'.. anly those points falling "in. the shaded portion of 
the. diagram correspond to stable .resonators . Points lying 
caitside. the' sliaded. portion correspond to unstable resonators. 
Hence,, the flrsi: requirement. fdr_ a -stable resonator is met 
fcnr cEny vallue- 0C^^g_j^g2 < 1 .- Furthermore the line defined by 
g;^^ = g 2 i represents, the least'.loss ; line, or the locus of 
pointe leasts sens.±tive to' horizontal ; and angular misalign- 
ment;; diffraction. losses increase .with departure from this 
line [ioj*' Therefore losses from, misalignment should be 
minimizeci for.' points along the. g£ =-92 line in the broadest 
shaded portion. (designated by; asterisks) . These points, 
corresponding to g =- 0 . 5 , appear. to determine the best 



conditions for maximum stability and minimum loss 



[24] 



For 



these values the radii of curvature turn out to be Rj^=R2=2L, 
or Ri=R 2= 3 b . 



From this analysis it was decided to use symmetric, gold 

coated mirrors initially, whose radii of curvature are 
2 

Ri=R 2= 2^=1 meter. Output coupling would be achieved by 
a. series of evenly spaced holes with diameters of 0.334 
millimeters. Additional mirrors with varying hole patterns 
and diameters would be tested later to determine their effects 
on laser output. 
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Figure 14 depicts: one:, such mirror; configuration consisting 
of 2ST holes (D=<I..334mra) symmetrically; placed about the hori- 
zontal and vertical axes of a polished, go Id -coated aluminum 
plate five inches square with a radius of curvature of one 
meter. The spacing between holes is 0.10 inch. The hole 
size was derived from the general principles to optimize 
output coupling. They indicate that any mode having one of 
its maximum fall on a hole position will experience increased 
loss due to that hole; if the loss is sufficiently large for 
the total round trip gain of that mode to become less than 
one, the mode will no longer oscillate [is] . [ 19 J . Although 
the mode pattern inside the laser cavity will likely consist 
of a multitude of different modes combined, if one considers 
a single gaussian mode for the cavity and uses as a guide 
that the hole area must-be less than 0.2 times the gaussian 
spot area, one can arrive at an approximate upper limit to 
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3 hcxLe. size.. Tlieegaussiari hole size can be 
<THO]cnilateii' foxs this symmetricailresonator and turns out to 
be- ^aut- 4.6c irriiTime te r s in diameter.' . Therefore an approxi- 
mate uppee Limit, for hole size-fdr..a single gaussian mode 
would-be 2L.j0lE millimeters- in. -diameter. One might ejqject, 
then:.,, that: any/ hale diameterr less £ than or equal to one milli- 
meter' surely would not degrade: the 3 gain unduly for a single 
gauseian. modei. It- is expected,' therefore, that the mirror 
depicted, in. Eigure 14, with holeediaraeter of 0.334 mm, will 
prav.ide adequate output coupling -of .'the laser energy. 
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VJ . CONCLUSIONS-- 



&-> RESULTS 

Hq) results have: beea: obtained- yet -Joecause the laser is 
gtri’TT in. the: canstraction. phase . 

EXPECTED RESULTS' 

Lager: efficiency, is expected; to ;be :at Teas t 5 percent 
initiall'Y,, and inay. very v/ell approach. .10 ' ta :1S percent as 
tests: continue, andl design. problems are c eliminated. 

2u. Energy • per: pulse, out is expected to be near 10 joules 
ini tiaJXy .. This: figure; is based on an energy input of 
between 200 and 300 joules per pulse, and an efficiency of 
5 percent. The maximum possible energy input v/ith the 
present power supply (C^g = 0.167 f, Vga.p = SO KVolts) is 
300 joules, neglecting losses, and so 200 joules may be a 
more accurate working figure. It is possible the output 
energy could be as high as 50 joules with the present power 
supply if laser efficiency is higher than 5 percent. For 
Later experiments, the discharge capacitance may be increased 
to attain even higher output energy. 

3. The energy pulse is expected to have a duration of 
between 0.1 and 1.0 microseconds. Therefore the peak power 
per pulse is expected to be between 10 to 100 megawatts. 

4.. The pulse repetition rate initially will be no 
greater than one pulse per 6 seconds. This requirement is 
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due mainXy tcc tdiec rnagrixtiidK ocf.' the charging rresis-tance 

= X megaohin) hetween. the; 20 kilo voltrpower .supply and 
tlie marx: generatox.. The; charging time. constant .is 1.5 
seconds, and sa, it: wXlX. taice.- roughly 6 .seconds to achieve a 
fuXX charge cm; the: discharge capacitor hank.. . 

Gain: studies will,' he: performed.' to: determine the gain 
along the laser cavity,- Xength. It is- expected : that gain 
wiXL he in. 'the.naighharhoo.d of 3 percent'.per ^centime ter once 
efficient laser: operation: is es tahlished: . . 

6. Time response, studies of discharge .voltage , current, 
and energy out wiXX he made. . 

Measurement of -the O-utput power willLhe.hy means of a 
germanium photon drag detector. Model 7411, serial* number 118 
manufactured hy Rofin Ltd. , of England. 

This device is designed for use with high power pulsed 
outputs obtained from Q-switched or TEA CO 2 lasers at 10.6 
microns. It has a response time of less than one nanosecond 
from 10 percent to 90 percent of peak, and a . responsivity of 
0.18 t .01 millivolts per kilowatt. The detector area is 
4 square millimeters, and it can withstand pulsed powers up 
to 10 megawatts per square centimeter. The unit operates at 
room temperature and without amplifier. 

The photon drag principle is based on the transfer of 
momentum from incident photons to free electrons and holes 
in a doped germanium rod. As incident radiation enters and 
passes through -the doped crystal, the photons transfer their 
momentum to free carriers in the germanium conduction hand. 
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tHtps- Qrarr.xgr a^ witlt* transferred raomeatumr.-arecthen driven down 
tiije itad'.. The free caxxier displacement'creates a temporary 
induced elexrtri.e fledcf proportional L to : the intensity of the 
incident radiation.. This field produces .a : voltage gradient 
wliieh. can. he amplified- or fed directly, to :an oscilloscope 
for: meaaxareraent.. The governing expression for the open 
cirnruxt voltage induced.' by thissprocess:; (V) in a photon drag 
detector is: 

w= _ W(f//) (1-R) ^2) 

Ac 7 

where W in the incident radiation. . intensity in watts, ^ 
is the resistivity of.' the sample,^ is the mobility of the 
carriers, A is the detector area, R is the sample reflection 
coefficient, and c is the speed of light [^ll] • This 
expression is valid only for a heavily doped semiconductor 
such as germanium. It is not valid for near-intrinsic 
materials, or when absorption by other than free carriers, 
such, as phonons, is significant. By applying this relation 
to voltages obtained by photon drag measurements, one can 
determine the incident radiation intensity in watts. 

C. POSSIBLE LASER TESTS 

Tests v;ill be made to determine the results listed in 
part B ahove. Firrther tests may possibly be made later to 
determine how these, results vary as the following parameters 
are changed: 
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lu. Electrades:: : 



32.. Var^.' tliec- raaireraal. 

la.. CHianga: the; geometry and double-discharge 
technique .. 

c:.. Vary the; electrode gap.. 

d.. Thy coatingj the. cathode: surface ; to :change the 
eiectron wcxtk: functions:. . 

Energy Input:; 

Vary the. input- energy by means.: o f :changing the 
eiecrtrode. gap: and capacitor: banlc size.. 

Mirror Config^aration: 

a. .. vary the output coupling by i changing the number, 
pattern, and size of mirror holes. 

bi.. Vary the srurface coating material. 

c. Vary the mirror radii of curvature. 

4. Gas Mixture : 

a» Vary the gas mixture ratios. 

b. , Introduce new gas combinations. . 

5. External Ionization Source : 

a. Induce preionization by a radioactive source. 

b. Induce preionization by electron beam. 

6. Scaling: 

Increase the laser to larger dimensions. It appears 
that CO 2 TEA Lasers can be scaled up to larger dimensions 
without appreciable loss of performance per unit volume. 



40 



NaCI 

Bvewitei" Wc«.C| 




41 



LA5FR r.AV ITY 6 t 1 C ^ 






1 



FI FCTRODF ASSEhBLy-FND VIEW 




Al Base Plo-te 




FI FCTRODF ASSFUBtY- SIDF VIFW 




r 

I 

I 

I 



BREAKDOWN REGION 




End View 



Figure 12. 
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Figure 13. 



OUTPUT mRROR-(Fu'll Scale) 




Figure 14 
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(1) LASER CAVITY 
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(2) MARX GENERATOR WITH LASER CAVITY 
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(3) CATHODE AND TRIGGER ASSEMBLY 
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(4) LUCITE BOX WITH ANODE 
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